Introduction
============

Large traumatic wounds are frequent and cost-intensive problems in the treatment of severely injured patients. They require extended reconstructive operations and are accompanied by long hospitalizations and risks of infection, thrombosis and flap-loss \[[@R1]\]. The topical negative pressure (TNP) therapy provides a paradigm that can be used in concert with a wide variety of standard existing plastic surgery techniques \[[@R2]\]. It is one of the essential methods in treatment of these wounds and has become an integral part of the clinical routine \[[@R3]\]. Fleischmann et al. \[[@R4]\] were the first to describe the treatment of acute soft tissue trauma (primarily combined with open fractures) with TNP.

There is a need for more economic analysis research in plastic surgery studies \[[@R5]\]. The cost-effectiveness of TNP has been evaluated in four large studies in the USA \[[@R6]\], \[[@R7]\], \[[@R8]\] and the Netherlands \[[@R9]\], but all of them evaluated chronic wounds. Until now, no economic evaluations of treatment of traumatic wounds with TNP exist. Nord et al. \[[@R10]\] describe TNP as one of the most cost-effective methods for wound treatment. The high material costs of TNP may be balanced by reduced nursing-costs and reduced hospitalization-time for the patients \[[@R11]\]. The morbidity and mortality after postoperative infections of the sternum is reduced with TNP \[[@R12]\].

Since 2004 coding of TNP in the German DRG accounting system is possible with the new OPS (German Procedure Classification)-Code 5-916.a \[[@R13]\]. To reflect the complexity of TNP especially in the treatment of musculoskeletal trauma the DRG I98Z was established in 2007. Until now, it has been unclear whether the existing proceeding calculation of the InEK (National Institute for the Hospital Remuneration System) covers the actual costs of TNP for traumatic wounds.

Economic evaluation is a way of assessing medical procedures \[[@R14]\]. The aim is to obtain objective information allowing for a transparent estimation of costs associated with a medical measure \[[@R15]\]. This process facilitates decisions about allocation of resources, regulation or development processes \[[@R16]\]. Dependent on the perspective, different study profiles can be used: non-comparative-studies (like "cost-analysis" or "disease-cost-analysis") or comparative studies like "cost-benefit-analysis" or "cost-effective-analysis" \[[@R14]\]. The approval used in evaluation studies is defined by the "Hannoveraner Konsens" \[[@R15]\]. In our study, we used the "cost-analysis" study profile measuring the concrete costs of a procedure as activity-based costing based on clinical pathways \[[@R14]\].

The following questions form the basis of this evaluation (Figure 1 [(Fig. 1)](#F1){ref-type="fig"}):

Which costs for the hospital are associated with using TNP treatment for traumatic acquired wounds? Are the material costs of TNP the main component?Can the cost of inpatient treatment of patients with traumatic wounds be covered under the actual cost revenue ratio (considering "best-case" and "worst-case"-scenario)?If necessary, are there opportunities to reduce the costs related to TNP-therapy for traumatic wounds?

Methods
=======

All patients (n=67: 45 male, 22 female; average age 54 y) with traumatically acquired wounds being treated with TNP in the period from 01/01/2005--31/12/2007 in the Department of Trauma Surgery, University Medicine of Goettingen, were included in this analysis. The wounds were separated into *primary* tissue defects (including open fractures, decollements, burns, and direct tissue trauma) and *secondary* tissue defects (including compartment syndrome, hematomas, infections, and necroses). Inclusion criteria were the operation/procedure-keys which can be clearly related to TNP-therapy (application or change of TNP systems) (OPS 5-916.a0 and 5-916.a1). Excluded from the study were all patients with chronically tissue defects, multiple trauma patients (due to their high number of concomitant diseases and injuries) and all patients grouped in an "artificial respiration DRG" based on long term artificial respiration.

A model for the calculation of treatment costs was developed. Close relation to the treatment processes, calculation according to the InEK calculation systems and adaptability to other groups of disease were the requirements for this model. An activity-based costing approach based on clinical pathways was chosen for an appropriate cost accounting.

Activity-based costing allocates the individual- and overhead-costs to processes. All treatment activities were described and evaluated in process-modules (e.g., ward rounds, blood collection, documentation). Modules belonging together were combined to process-blocks (e.g. emergency room, operation, ward) (Table 1 [(Tab. 1)](#T1){ref-type="fig"}). The process-blocks together represent the overall process. Due to the heterogeneity of cases, the sequence of the process-blocks was adapted individually to each patient.

The combination of the process-blocks in relation to the individual patient carriers (dependent on length of hospitalization, amount of operations or complications) represents the *clinical pathway*. Non-patient-related overall costs (personnel and material costs of medical and non-medical infrastructure) were not represented; they were allocated using percentages as *overhead costs* for each case. The clinical pathway allowed the identification of real costs arising from TNP. The cost categories were chosen according to the InEK-calculation-compendium to rise comparability of measurement \[[@R17]\].

The *physician-related activity* was calculated with working-minutes for every process-modules and -blocks (Table 2 [(Tab. 2)](#T2){ref-type="fig"}). For the process-block "operation" the working-minutes were not standardized due to the individuality of the activity. Therefore, the summarized "surgeon-presence-time"/"cut-to-suture time"/"anesthesia-time" and the blocks "pre-medication"/"post-op-recovery-room-time" was calculated (Table 2 [(Tab. 2)](#T2){ref-type="fig"}).

The *nursing-related activity* was collected by the LEP (detection of nursing activity) system. It is based on daily documentation of patient-related care variables and nursing efforts in a special software program (Table 3 [(Tab. 3)](#T3){ref-type="fig"}). The activity of *other functions and medical-technical service* (physiotherapists, patient transport service) were included into overhead costs. The *material costs* were calculated separately; costs of pharmaceuticals and general medical treatment were calculated according to the InEK calculation-system: overall costs were divided by the LEP-hours to obtain a cost rate per LEP-hour. The costs of the implants (osteosynthesis material) were individually attached to patients from the OP-information system and costs were generated from purchasing department. Material costs of the TNP-system were calculated by multiplication of the day rate of TNP-therapy (66.40 €/d for providing of the pump system and the dressing materials) with the length of treatment.

After calculation of cost categories, they were assigned to their particular cost unit (e.g. ward, anesthesia, radiology) according to the InEK calculation-system.

To compare the expenses incurred with the incoming revenue obtained from a funding agency a calculation of cost per unit was performed. Six patients were chosen as example cases and their costs were calculated. Because of the close relationship of cost to the length of hospitalization, one patient each was chosen with long, medium and short hospital stays for primary and for secondary tissue defect examples (P1, P2, P3, S1, S2, S3).

Again, costs for *physician-related activity* were evaluated by working minutes, multiplied by the base rate of pre-tax personnel costs, working hours per month and a 15% deduction for absences from work. In this way, costs for an assistant physician of 0.68 €/min, for a consultant physician of 0.86 €/min and for a deputy physician of 0.95 €/min were calculated. The calculation of the *nursing-related costs* was based on LEP system. For calculation of the cost-group medical-technical service the working minutes of the pathway were multiplied by the costs/min, resulting in 0.4 €/min, respectively 1.16 €/min for the operation-related service. *Material costs* were either related to the LEP-hours (general medical demand) or calculated individually (expensive implant and TNP costs). Overhead costs for medical and non-medical infrastructure for the Department of Trauma Surgery, Plastic and Reconstructive Surgery were calculated from the University Staff Department of Central Controlling with 32--35% of total costs, due to high contingency costs for resuscitation rooms, emergency operations and intermediate care ward. They were calculated as percentage additional charge per cost unit multiplied by the cumulated personel- and material costs (Table 4 [(Tab. 4)](#T4){ref-type="fig"}, last column, Table 5 [(Tab. 5)](#T5){ref-type="fig"}).

In addition, costs were referred and analyzed according to the DRG earnings. The DRG-system of the year 2007 was used. All cases of 2005 and 2006 were newly grouped using the 2007 system because the DRG I98Z (complex negative pressure therapy of diseases and disruption of musculoskeletal system and connective tissue) was not established prior to 2007.

To confirm robustness of data a sensitivity-analysis was performed. Judgmental parameters were varied to represent the heterogeneity of the cases. In a "best-case" and "worst-case" analysis the parameters "base-case-value" for the funding agency and "pathway-minutes" for the supplier were reviewed in order to determine their sensitivity.

A summary of the calculation system is given in Table 4 [(Tab. 4)](#T4){ref-type="fig"}.

The study was certified by our institutional ethics committee (AZ 13/3/08).

Results
=======

In the period from 01/01/2005--31/12/2007, 67 patients with traumatically acquired wounds were treated with TNP (OPS 5-916.a0 and 5-916.a1). In 30 cases (44.8%) primary tissue defects were treated with TNP. The predominant diagnosis was open fracture with 30% (n=20) of all defects. Thirty-seven patients (55.2%) had secondary tissue defects (including compartment syndrome, hematomas, infections and necroses). In this group, secondary infections were the largest part due to the extended and highly contaminated wounds, making up 34.3% (n=23). The hospitalization time of patients with primary tissue defects ranged from 15 d (P3) to 128 d (P1) with a mean of 39.5 d (P2). With secondary tissue defects patients stayed from 14 d (S3) to 98 d (S1) with a mean of 38 d (S2). A total of 37.31% of the patients (n=25) stayed longer than the "upper residence time". No patient was released from the hospital prior to the "lowest residence time", and 28.36% (n=19) were released before reaching the "middle residence time". The evaluated cases had a PCCL (describes a patient severity score in four steps from undemanding (PCCL 0) to complex, severe (PCCL 4) diseases and treatments) of 2.99, reflecting the complex and severe nature of the cases.

To answer the questions posed in the introduction (Figure 1 [(Fig. 1)](#F1){ref-type="fig"}), the following results can be presented (question 3 will be answered in the Discussion):

During the overall treatment, the aggregated costs for the TNP-treatment were 158,030.19 €. This makes up 12.65% of the overall costs of 1,249,227. 52 € for complete inpatient therapy. 74,036 € of TNP related costs were generated by material costs (5.93% of the overall costs) and 83,994.19 € were generated by personnel and operation related material costs on ward and in operating theater (Table 6 [(Tab. 6)](#T6){ref-type="fig"}).The analysis shows the actual cost of 1,249,227.52 € for the treatment of traumatic tissue defects are reimbursed with 1,096,913.16 €. A negative cost-revenue ratio of --152,314.36 € remains, of which 86.23% is allotted to patients with primary tissue defects. The personnel costs of physician, nursing and medical-technical services makes up 49.75% of the overall costs, while 17.04% is made up by material costs. The remaining costs can be attributed to personnel and material costs of medical and non-medical infrastructure with 31.60% of overall costs (220,072.94 €) for the collective of patients with primary tissue defects and 35.23% of overall cost (194,738.55 €) for the collective of patients with secondary tissue defects (Table 6 [(Tab. 6)](#T6){ref-type="fig"}). Table 5 [(Tab. 5)](#T5){ref-type="fig"} presents the calculation of overhead costs related to the different length of hospital stay.

Performing the sensitivity analysis from the perspective of the funding agency with varying "base-case-values", an overall cost of 993,114.2 € arises for the "best-case-scenario" of TNP treated traumatic tissue defects. In calculating "worst-case-scenario", the overall costs are 1,096,698. 23 €. Thus, costs for the funding agency vary by an absolute 106,177.99 €. The sensitivity analysis from the point of view of the supplier depends on diverging "pathway-minutes". The variation intervals for the pathway-minutes were calculated using a variation coefficient. For the supplier (hospital) the overall costs can be reduced by 87,829.83 € total or 1,310.89 € per case for the "best-case-scenario". For the "worst-case-scenario" the overall costs increase by about 81,330.59 € total/1,213.89 € per case.

Thus, the funding situation for the hospital even in the "best-case-scenario" is not covering the cost of treatment. The loss amounts for the best-case-scenario to 962.46 € per case and to 3.490.45 € per case for the worst-scenario.

The DRG-related cost analysis is presented in Table 7 [(Tab. 7)](#T7){ref-type="fig"}; in Table 8 [(Tab. 8)](#T8){ref-type="fig"} the cost-revenue ratio is shown and Table 6 [(Tab. 6)](#T6){ref-type="fig"} presents the summarized results of the cost analysis.

Discussion
==========

In trauma patients, primary and secondary tissue defects often require long duration of treatment. For therapy of these traumatic wounds, TNP-therapy represents an essential and frequently used technique \[[@R3]\]. The high cost of medical care has come under scrutiny by payers and physicians \[[@R18]\] and since the introduction of the DRG I98Z in 2007 it remains unclear whether treatment with TNP for traumatic wounds can be done in a cost-covering fashion.

For the patient collective of this study all trauma patients were chosen for which TNP therapy presents, next to their osteosynthesis, a main part of their therapy. Patients grouped in a "multiple trauma DRG" and "artificial respiration DRG" were not included in the study, because TNP therapy and its costs play only a minor role and reimbursement of such cases is calculated differently. In addition, patients with chronical defects were also excluded due to their high number of concomitant diseases.

Using methods of cost analysis, an economic evaluation of this topic has been performed. For patients with primary tissue defects the average cost was 8,279.53 € more per case than for patients with secondary tissue defects. This additional charge results from higher material costs (absolute + 16,055.78 €), increased number of operations (on average + 2.7 operations) as well as from elevated number of long-term hospitalization (+ 4.86% compared to patients with secondary defects). The TNP-treatment costs of 158,030.19 € (12.65% of overall costs) were not as high as expected, however TNP changing was done for the main part in operation theater. Especially TNP related material costs are often assumed to present the main fraction of TNP-therapy, but the arising 74,036 € (5.93% of the overall costs) can alleviate this assumption.In contrast, costs for the funding agency (health insurance companies) amounted to 1,096,913.16 € leading to a financial loss of --152,314.36 €, 86.23% of which was attributable to the treatment of primary tissue defects. In cases of secondary tissue defects the revenues led nearly to a cost-covering situation; there the financial loss amounts only --20,979.22 €. We are aware that the DRG system does not allow for total cost coverage for every DRG. However, the negative cost-revenue ratio of --18.86% in cases of primary defects can hardly be compensated by DRGs with a positive ratio.Based on these results, some strategic consequences can be considered.First, structural changes were performed to ensure the efficiency: material resources were concentrated on few storerooms to reduce the part of material not-used and out of date. Thus, costs have already been reduced by about 90,000 € in 2007. Due to new contracts on the part of the procurement department in 2006, another 15% of material costs could have been saved. \*The assumed high material costs in the context of treatment with TNP often present the decision criterion for the supplier. However, the presented analysis showed that material costs of TNP were only a relatively small portion, making up 5.93% of total costs. A savings opportunity should be to implement a standardized approach for treatment with TNP. Trueman et al. \[[@R11]\] already showed a significant reduction in hospitalization time with a standardization of TNP-therapy. But until now, there exist no standardized guidelines for the use of TNP therapy \[[@R4]\], \[[@R19]\].Another opportunity could be the optimization of coding procedures, but due to the presence of a controlling specialist there are no deficits in this aspect in our clinic.From the economic point of view an adaptation of the product-portfolio of the corporation (hospital) would be an important step to remain capable of acting and competing. However, for a tertiary care hospital of maximal treatment such adaptations are not possible because it has to provide all diagnostic and therapeutic possibilities. In addition, the number of complex medical cases with severe diseases in a university hospital is elevated, which reduces the possibilities of cost-optimization and benchmarking \[[@R20]\]. A large amount of the evaluated cases is not represented by calculation of case-based lump sum of the InEK. The reason could be the activity profile of the 249 participating hospitals. A strategy for improvement would be the participation of many tertiary care hospitals in calculations of the InEK. Furthermore, complex cases could be represented in an appropriate manner in the DRG system.As an important consideration, the DRG system has to develop continuously and learn to sustain the rising costs. After introduction of the DRG I98Z in 2007 in the DRG system, an adaptation and differentiation of this DRG is necessary. Besides the complex TNP-therapy, the new DRG should include patients with primary tissue defects needing complex procedures.Tissue defects cause in case of long-term therapy extensive costs for the health insurance companies. Thus, the discussion about refunding of outpatient TNP-therapy has been going on for years. In cases where it is possible from the medical point of view, outpatient therapy would lead to enhanced quality of life for the patients and to a reduction of hospital costs and lengths of hospitalization. However in other countries (USA, Great Britain, Austria and Switzerland) outpatient TNP-therapy is already an established practice \[[@R21]\], the IQWIG (Institute for Quality and Efficiency in Health Care, Germany) refused the absorption of outpatient TNP therapy costs due to insufficient existing research data concerning this topic \[[@R22]\]. The accomplishment of prospective randomized studies would likely change the cost-refunding situation for outpatient TNP-therapy.

The presented work focused on the presentation of the developed method of gaining a cost analysis, as well as on the analysis of the real arising costs of TNP therapy of traumatic wounds. Therefore, we did not analyze the surgical treatment itself. However, evaluating the number of operations in the total collective, there were average 5.9 operations necessary per case (Table 7 [(Tab. 7)](#T7){ref-type="fig"}). This has to be related to the high PCCL-level of 2.99, indicating the severe injuries of our patients. With mostly 1--2 operations for the osteosynthesis and one operation for the final wound closure, there remain average 3--4 operations for changing TNP dressings. Often, not only the wound situation requires a conditioning about several TNP steps, but also the general situation of the patient is critical (high PCCL) and does not allow extended flap surgery in an early step. The department for Trauma Surgery, Plastic and Reconstructive Surgery, University Hospital of Goettingen, as Level-A Hospital, performes their therapies according to the current actual treatment guidelines of the representative associations (DGOU and DGPRÄC, German Association of Orthopaedic and Trauma Surgery, German Association of Plastic, Reconstructive and Aesthetic Surgery) . So it can be assumed, that there are no treatments performed, which would expand the arising costs or distort or the representativeness of the evaluated results.

However, the suppliers have to revise carefully the undergone therapies. Even if the treatments were done according to established standards and guidelines, there might be in some cases an opportunity to close the large tissue defects earlier by plastic-reconstructive methods. This could reduce the length of stay of the patients and therewith the main cost fraction of this treatment collective.

The use of standardized accounting can be a strategically effective method \[[@R23]\]. With the use of a disease-costing analysis a tool of economic evaluation has been applied to analyze costs of a special therapy. Within activity-based costing, modules for establishment of clinical pathways were developed. On this basis, further therapies of other diseases can be analyzed for their cost-revenue ratios. An enhanced degree of cost-transparency can now be reached and realization of further analyses will be simplified.
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![Process blocks and -modules during inpatient therapy\
All activities performed during patients stay are combined as modules related to the treatment processes. Origin: own construction.](GMS-08-13-t-001){#T1}

![Calculation physician-related activity (ward and OP)\
The costs of physician-related activity on the ward are calculated by multiplication of occurred process blocks during therapy with cost/working minute. For calculating costs of the operations, working minutes of surgeons (incl. bedding of patients, documentation time) and anesthesists (considering premedication, recovery room) are combined. Origin: own construction.](GMS-08-13-t-002){#T2}

![Nursing-related activity; the LEP-variable groups\
The nursing-related activity was collected by the LEP (detection of nursing activity) system. It is based on the daily documentation of patient-related care variables and nursing efforts in a special software program. Origin: own construction.](GMS-08-13-t-003){#T3}

![Summary of the established calculation system\
Origin: own construction.](GMS-08-13-t-004){#T4}

![Example calculation of overhead costs\
Overhead costs are shown itemized for patients with different lengths of stay (P1--S3) and related to the particular cost units (CU). Overall overhead costs are presented in Table 7. (CC=cost categories, P1--3 = patients with primary tissue defects, S1--3 = patients with secondary tissue defects). Origin: own construction.](GMS-08-13-t-005){#T5}

![Summary of the presentation of the results of cost-analysis\
(including prevalent DRG, differentiated hospitalization time, overall costs and revenues, differentiated costs with special focus on TNP costs and overhead costs). Origin: own construction.](GMS-08-13-t-006){#T6}

![Cost-analysis DRG-related (NC = number of cases)\
Accumulated mean-calculation based on the DRG grouping systematics 2007. Origin: own construction.](GMS-08-13-t-007){#T7}

![Cost-revenue ratio\
The column "real revenues" contains the revenues of the years 2005, 2006 and 2007. Due to the introduction of the DRG I98Z in 2007, the revenue calculations were additionally adjusted for this year, shown in the last two columns. Origin: own construction.](GMS-08-13-t-008){#T8}

![Diagram of the "Basic Questions" being the main focus of this evaluation](GMS-08-13-g-001){#F1}
